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Supplementary Text
Surface carrier density calculation The applied VTB across MIS structure is divided into two parts, i.e., the voltage drop across the hBN insulator (VBN) and the semiconductor (ϕs), so that the relationship can be written as (14) TB ms BN s VV      (S1) where ϕms is not negligible. The oxide charges are ignored in this simplified discussion. The potential drop in the insulator can be related to the space-charge density Qs, and is given by VBN=QsdBN/εBN.
By solving the one-dimensional Poisson equation and applying Gauss's law for n-type semiconducting WS2 (35, 36) , the Qs at the interface of the heterojunction is as follows: 
where εws2=11.5 is the dielectric constant of bulk WS2 (37). The parameters ni and ND=10 16 -10 17 cm -3 are the intrinsic carrier density and donor impurity concentration at room temperature (36, 38) , respectively. For the non-degenerately doped semiconductor, ni can be obtained from the effective DoS in the conduction band, NC, and the effective DoS in the valence band, Nv.
The surface carrier density neh as a function of VTB as illustrated in Fig. 2B (main text) can be calculated using these equations.
Analytic model of the carristors
When the insulator is a few atomic layers thick (6-7 layers in our case) as in the MIS structure, the time-independent part of the wave function Ψ(x) of the confined electrons at the semiconductor surface does not end abruptly. The problem is to solve for the probability of electron transmission through the insulator barrier for determining the tunneling current. This calculation is performed by applying the effective-mass-approximated one-dimensional
is the potential across the barrier 25, 26 . The solution of Ψ(x) has a general plane waveform of *2 (x) exp i 2m (E V) x       . The value inside the square root is imaginary. The WKB approximation assumes that the potential barrier changes slowly with respect to position, so that the tunneling coefficient can be calculated using Ψ * Ψ by assuming a parabolic dispersion relationship of hBN and is given by
In the case of the rectangular barrier, the distance between the classical turning points xa and xb is the barrier width (dBN).
Based on the above discussion, we modeled the back-gate modulated tunneling current expressed as follows (39)
where ET and E are the transverse and total kinetic energies of the electrons in the semiconductor and F1 and F2 are the respective Fermi-Dirac distribution functions for MGr and WS2. Since the lower integral limit in these integrals corresponds to the WS2 conduction band edge, integrating over the energy range, Equation (S5) is reduced to
Here, EFW is the energy distance towards the WS2 conduction band. For a positive VTB applied on the MGr, we obtain the relations EFW=eϕs+kBTln(NC/ND) and EFG=EFW-eVTB. Equation (S6) can be written as
and (noting that ϕs is a function of two variables, VTB and VG)
where CBN=ε0εBN/dBN (εBN≈4) 30,31 is the capacitance per unit area of hBN. Equation (S8) is derived from the relations (S1) and (S2), in which the semiconductor charges are approximated for the depletion and weak inversion regime: S D WS2 S Q 2eN    . This approach is available for "transistor-like" operation when the interface of MIS-C is near the inversion mode. Alternatively, when the external electrostatic field only minimally changes the interface mode, the terms related to surface potential and other parameters can be replaced to obtain the effective Schottky barrier height. Figure S9 shows the experimental ITB-VTB data and compares it to the simulated data by solving equation (S7) The ∆EFG in the above equation significantly depends on the back-gate polarity and the thickness of MGr. If we use single-layer graphene instead of multi-layer graphene, the value is calculated as 41) . The doping concentration in graphene is inversely proportional to the capacitance of silicon oxide (we used 280-nm-thick SiO2) in the back-gate dielectric. The controllability of the surface potential would be enhanced using high-κ dielectric materials (such as HfO2 or Al2O3) to obtain further improvement in the subthreshold swing parameter.
Surface potential calculation
Based on equation (S7), the determination of the ϕs relies on measuring the activation energy. One advantage of this technique is that it is available without accurate knowledge of the active contact area. 
From the Richardson plot (ln(ITB/T 2 ) vs. 1000/T) for different VTB (from 0.2 to 0.6 V), a slope can be extracted at various VTB. The slope follows a linear dependence with -e(ϕs-VTB/ η)/1000kB, thus ϕs can be evaluated in terms of the intercept value. 
